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INTRODUCT ION

(a) Authorigzation

1. This work has been authorized by Bureau of Ships project
1438f42. The particular information included has been requested by Bureau
of Ships letter S60-(2)(350) of 31 July 1942.

(b) Statement of Problem

2. Measurements of accelerationt on different mounting
plates used with the light weight HI (High Impact) shock testing machine,
have shown the maximum accelerations to be dependent upon the mounting
plate used. This report will include the results of acceleration measure-
ments at specified points on available tgpical mounting plans included in
Bureau of Ships Ad Interim Specification© of 1 March 1942.

METHODS

3.  Accelerations were measured by means of a quartz crystal
accelerometer constructed by Westinghouse. Methods of measurement are sim—-
ilar to those used by Westinghcuse3 and General Electric® and will be com-
pletely described in a forthcoming report on Shock Measurements® to be issued
by the Naval Research Laboratory.

DATA OBTAINED
{(a) Acceleration, Velocity, and Displacement Curves

4, Acceleration-time curves have been obtained for mount-
ings shown in Plates 1,2 and 3, at the locations indicated. These curves
have been obtained for 2000 ft-1b. hammer blows and have been obtained for
top, side, and back blows against the anvil plate. Records were taken with
a 12.00? cycle low pass filter and a 5000 cycle low pass filter (see plates
4 and 5).

5 The complete acceleration-time records have a2 time axis
about 0.1 seconds long. The records given in this report illustrate only
a few thousandths of a second at the beginnings of these curves. The in=-
cluded records of accelerations were obtained by tracing a projected en~
largement of the original acceleration curves. The wvelocity and displace-
ment curves were derived from the acceleration curves by a graphical
summation of the areas.

6. It is to be emphasized that the errors involved in the
integrations of the acceleration curves may be cumulative, therefore, the
magnitudes of the probable errors of the velocity and displacement curves
increase as the time increases. After 3 or 4 milliseconds this error may
have accumulated to such an extent that the velocities and displacements
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derived are not sufficiently accurate for use. Values of velocity and dis-
placement during the first few milliseconds are considered of sufficient
accuracy (within 20 percent in terms of maximum values).

(b) Discussion of Curves

2. Two equivalent records have been obtained for each con-
dition of messurements. In one record a 5000 cycle low pass filter was used
and with the other record a 12,000 cycle low pass filter was employed. The
12,000 cycle records serve to check the 5000 cycle records. A comparison of
corresponding records generally show good agreement. The 12,000 cycle records
also serve to give a common basis of comparison with previously published
values from other sources. The difference between the maximum accelerations
obtained with the 5000 cycle and 12,000 eycle low pass filters may be taken
as 2 measure of the amplitudes of frequencies between these two ranges. 4n
apparatus that would measure maximum accelerations for each of many frequen-
cy ranges would be most valuable,

8. The locations of the accelerometer positions can be
found on the first three plates. Indications are given on the acceleration
curves as to which location was used.

9. Velocities and displacements are little affected by
frequency components of acceleration above a few thousand cycles per second,
From %his it can be seen that it is impractical to attempt to obtain high
frequsncy values of acceleration from measured velocity curves.

10. Velocity and displacement curves (derived from the
acceleration curves) were initially included to determine whether or not the
zero of the accelerometer trace shifted during the shock period. Plate 6
shows what a large effect a small acceleration zero shift has on the velocity
and displacement. The anvil plate, to which the mountings are attached, at-
tains its maximum velocity of about 20 ft/sec in about 0.001 second. /The
velocity of the anvil plate caused by a back blow is more oscillatory in
nature and decreases more rapidly.j Hence the maximum velocities attained
by the mountings should be in the order of 20 ft/second. If the mounting
is quite flexible this maximum velocity may not be attained, If the mount-
ing acquires resonant vibrations this maximum velocity may be exceeded (see
plates 43 and 44),

11. Acceleration curves of the transient states of complica-
ted apparatus are of an exceedingly complex nature. A few curves (Plates
19, 20, 23, 24, 31, 32, 43 and 44) are easily resolvable into persistant
frequencies, but generally the curves are non-periodic. All of the accel-
eration curves, in which the 12,000 cycle low pass filter was used, have
recognizable frequencies of about 11,000 cps. It is possible this frequency
may be partly characteristic of the accelerometer. It is believed that all
frequencies below 10,000 cps are real and that their maximum values are with-
in 10 percent of correct. It would be most satisfactory if acceleration

-.2.-
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curves could be described by their frequency components and their maximum
values, but in general this is impractical. When such a description is
possible it may be well employed. (Note paragraph 13 and the latter part
of paragraph 7).

12. Maximum values of acceleration are but one of the
many factors necessary for a description of shock, When all factors remain
fixed, except the intensity of shock excitation, the maximum value may be a
good indication of comparative shock. Tgble 1 lists the maximum accelera-
tions for the various mountings studied. These values, in many cases, occur
after time intervals later than shown on the included plates. The mounting
positions are shown on the first three plates.

13, Table 2 illustrates an attempt to obtain more numerical
information from the acceleration curves. In this table the greatest average
accelerations, for definite time intervals, that occur in the acceleration-
time curve are tabulated. From these data maximum impulses can be obtained,
For impulses of longer time interval than a few thousandths of a second the
crystal accelerometer will not as yet give relisble results. Numerical in-
formation of this kind together with information on definite acceleration
frequencies and their magnitude may be considered a sufficient description
of shock as determined by acceleration measurements, It is expected that
the table may be completed for long time intervals by displacement measure-
ments. It is hoped that these displacements, together with information on
distortion, may be obtained by means of high speed photography.

14, As is shown on plate 43 the greatest average value of
accelsration, for a given time, can be obtained either directly from the
acceleration curve or from the slope of the velocity curves. For complex
acceleration curves it is usually easier to work through the velocity
record.

15. Where much of the shock is caused by the high frequency
(above 5000 cps) accelerations there is less probability of good accuracy in
the velocity and displacement curves. If this high frequency is removed by
filtering, the part contributed by these components will be lost. (see
plates 15, 16, 39, 40). In most cases the contributionsof acceleration fre-
quencies above 5000 cps to the velocities are negligible.

16. If the velocities have attained their maximum values in
about 0.002 seconds, and they have for most of the cases considered, then
the maximum average accelerations for longer periods of time must be less
than the average acceleration for 0.002 seconds time the ratio of 0,002
seconds to the longer time considered. Thus for plate 7 (see first row of
table 2) the average acceleration for a time of 0.02 seconds can not Dbe
greater than

.m
—g—a-ég—- x 300g = 30g
although it may have any value up to the above.

a2l e
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17. Plates 31, 32, 35, 36, 43 and 44 call for special comment
because of their high magnitude resonant vibrations. The circuit breaker
mounting develops an oscillation of about 2500g amplitude at 560 cycles/sec.
This brings the average accelerations, for the longer time intervels consid-
ered, to values many times greater than corresponding values for other moun t—
ings.

TABLE 1

MAXTMUM ACCELERATIONS FOR HAMIER ENERGY OF 2000 FT-LBS.

Mounting Location on Maximum Acceleration
(figure) Mounting with Low Pass Filter of
5000 cps 12,000 cps
BACK BLOW

4h Central -1600g +2450g
4B Central -1880g -3250g
6B Central on Bar +2450¢g +3100g
6C Central + 800g +1050g
Lower Channel +1300g +1700g
4D On Pipe +1350¢g =2400¢g
Top Plate -1400g +1500¢g
Average of absolute values 1536¢g 2207¢g

END BLOW
4p Central + 650g +1100g
4B Central -1500g +1350¢g
6B Center of Bar + 950g +1150¢g
6C Central + 600g + 800g
Lower Channel + 550g + 700g
4D On Pipe +1050g -1200g
Top Plate + 800g +1150g
Average of absolute values 871g 1064g

TOP BLOW
4A Central — 900g ~1250g
4B Central -1250g -1875¢g
6B Center of Bar + 450g + 650g
60 Central + 600g - 750g
Lower Channel - 700g -1100g
4D On Pipe + 950g -1400g
Top Plate - 850g +1700g
Average of absolute values 807g 1246¢g

‘4—
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TABLE II

GREATEST AVERAGS ACCELERATIONS THAT OCCUR IN THE ACCELERATION CURVZIS
FOR VARIQUS INTERVALS OF TIME*

(gg‘ 00 ft-1b hemmer energy )

Plate # Greatest average acceleration
and Maximum over a period of: o
description acceleration .30025 _ .0005 .001 2002 Remarks

3ah x 26" x 1/2" Plate (44)

ok

7B 5 1600g 1200g 930g 590g 300g
8Bl2 2400 1240 870 420 200
9 5 900 500 370 280 225
10T12 1250 750 500 260 220
11E 5 650 500 420 230 200
12E12 1100 750 530 340 290

15" x 26" x 1/2" Plate (4B)

13B 5 1850 1200 1200 900 530

14812 3250 ) 1240 780 640 460 ~ - - strong 10,000cps
15T 5 1250 870 400 220 100 - - - zero shift
16T12 1875 960 400 220 100 - - - zero shift

17E & 1500 1430 1150 700 310

18E12 1350 900 800 560 310

Plate (6C) Central

19B 5 600 570 570 560 390 strong 150 cps
20Bl12 800 700 680 600 370 vibration for
o 5 800 550 440 260 170 most blows on
22712 1080 440 280 310 220 this plate
238 5 600 370 310 250 250

24E12 800 610 580 310 300

Plate (6C) L Chann

28B 5 1300 680 600 520 380

26812 1700 810 700 520 400

o997 B 700 640 550 350 250

28T12 1100 750 530 300 220

29E 5 550 450 340 300 250

30E12 700 570 470 280 160

= 15

DECLASSIFIED



Bt el B, 8 ad syl ed o
DECLASSHIEL

_ . Table II continued

(2000 ft-1b hammer energzy)

Plate ¥ Greatest average acceleration
and Maximum over a period of: (seconds)
description acceleration .€0025 ,0005 .001 ., 002 Remarks

Searchlight Mounting (4D) Position on Pi

31B 5 1350 1120 900 590 strong 800
32B12 2400 1000 900 650 cycle vibr.
33T 5 950 560 430 310 230

34T12 1400 670 500 310 190

358 5 1050 1000 960 560 strong 670
36E12 1200 1050 930 500 cycle wibr.

Searchligcht Mounti 4D) Position on Plate

37 5 1400 870 750 500 250
38B12 1500 780 750 500 280
39T 5 850 450 310 220 160
40T12 1700 810 440 250 220 - 10000 cps
41E 5 800 560 470 410 160
42812 1180 500 280 320 120

Circuit Breaker Mounting (6B)

438 5 2450 2400 2200 1600 strong 560
44B12 3100 2700 2400 1600 cycle vibr.
458 5 450 300 250 250 250
46T12 650 460 460 280 250
47E 5 950 820 620 530 400
48E12 1150 860 700 580 400

* If there are oscillations in the derived velocity curve that are

of short duration compared with the time interval considered then a
smooth curve should be taken along the axis of the local oscillations.
The greatest average acceleration should be taken with respect to the
smooth curve. When there are leorge local oscillations th~t have a
period about equal to the time interval considered, no value of the
maximum average acceleration should be taken for that interval. (see
plate 43).

*¥ The first number of this description refers to the plate number,

The letter refers to whether the blow was back, top, or end. The last
number refers to the 5000 or the 12,000 cycle low pass filter in use.
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CONCLUSIONS AND RECOMIMINDAT IONS

ed:

18. The following conclusions and recommendations are suggest-—

(a) ch mounting method results in a different accel-
eration curve both in regard to general shape and maximum value,
Additional weights attached to the mounts will cause still differ-
ent characteristics. Therefore for specifications it is suggested
that mounting plans be completely described for each type of
apparatus tested.

(b) The different H,I, shock machines should be standard-
ized., This may be done by measuring the accelerations 2% given
points on the anvil (striking) plate to provide a comparison between
machines., This has been done by Westinghouse and General Electric
for machines in their use. It is preferable that the measurements
be done with one set of measuring apparatus. A machine may be con-
sidered standardized when its maximum accelerations agree within
specified limits to those obtained by an average of other machines
in good condition, and when there are no other marked differences
in their acceleration curves,

(¢) With shock machines standardized, and with mounting
plans specified, the measurements of accelerations for routine
acceptance tests should not be heggs;g;g. It may be advisable to
measure accelerations on the mounting plates at the time of stand-
ardization.

(d) When information valusble for design improvements of -
apparatus under test is desired, all possible measurements indicative
of shock severity should be made. These involve mainly acceleration
measurements and analysis of high speed moving picture records.

(e) From Table 1 and a study of the curves it is conclud-
ed that the maximum acceleration is about twice as great for the
back blow as for blows in the other directions.

(f) The magnitude of accelerations having frequency com-—
ponents above 5000 cps is least for the end blow. These frequencies
have little effect on the velocities and displacements.

(g) In general the acceleration records, for frequencies
above about 500 cycles/second, are nonperiodic. It does not appear
practical to attempt to describe the acceleration curves by giving
their frequenoy components together with their magnitudes, Equiva—
lent description may be had by giving maximum average accelerations
for definite short time intervals. When periodic vibrations oceur
their frequencies and magnitudes should be indicated.
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